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Create Species Distribution Models using Maxent 

using occurrence data with the minimum number 

of points defined in the configuration file or the 

Rare Species Model algorithm for data without 

the required minimum number of points. 
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Biological Objectives:

Species Distribution Models

Fundamental and realized niche

Applications

Technical Objectives :

Input occurrence records, ecoregions, species list

SDMs for multiple taxa at same time
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1. Exploring Concepts:

Fundamental vs Realized Niche

2. Demonstrations: 

Applications

3. Exercises: 

Input occurrence records, ecoregions, species lists; SDMs

4. Session Summary, Q&A and Discussion 
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Prunus geniculata (scrub plum)

SDM for Prunus 
geniculata
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Fundamental Niche

• abiotic conditions a species could 

potentially occupy in the absence 

of biotic interactions

Realized Niche

• abiotic conditions that a species 

can occupy with the presence of 

biotic interactions
Temperature

P
re

ci
p

it
a

ti
o

n

Fundamental
Niche

Realized 
Niche



10

“it is defined in multidimensional ecological 
space (MacArthur 1972).” – Peterson 2001

Fundamental Niche

• abiotic conditions a species could 

potentially occupy in the absence 

of biotic interactions
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MaxEnt

• uses the principle of maximum entropy on presence-only data to predict the 

species’ potential geographic distribution (or niche)
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Appendix S2: Convex hulls were constructed for each cytotype: (A) diploid,  (B) triploid, and (C) tetraploid. Each convex hull has a buffer of 1 degree, 

or about 100 km. Black polygons represent the inital convex hull, red polygons represent the convex hull with the 1 degree buffer or the final convex hull 

extent. The base map depicted is bio1, or annual mean temperature, at the extent of 39.73° N, -86.42° W to 32.64° N, -75.12°W. 

Gaynor et al.—American Journal of Botany 2018 – Appendix S2
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• Estimate current distribution

• Predict future distributions

• Infer past distributions

• Use as foundation for phylogenetic diversity 

studies

• Niche of polyploid compared to its diploid 

progenitor(s)

• Invasives--projections

Allen, J., Folk, R.A., P.S. Soltis, D.E. Soltis, R.P. Guralnick. 2019. 
Biodiversity synthesis across the green branches of the tree of 
life. Nature Plants 5:11-13.
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Julie Allen, Charlotte Germain-Aubrey, Rob Guralnick

Allen, Germain-Aubrey et al. 2019. iScience11: 57–70 https://doi.org/10.1016/ j.isci.2018.12.002
.

Present and Future
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Florida Ecoregions
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Ecoregions denote areas of general similarity in ecosystems and in 

the type, quality, and quantity of environmental resources. This map 

depicts revisions of ecoregions, originally compiled at a relatively 

small scale (Omernik, 1987), as well as subregions of those 

ecoregions. Compilation of this map, performed at the larger 

1:250,000-scale, was part of a collaborative project between the 

United States Environmental Protection Agency Environmental 

Research Laboratory-Corvallis and the Florida Department of 

Environmental Protection during 1991-1993. Subsequent revisions 

near the border with Alabama and Georgia were made in 1999 and 

2001. However, this map should be considered an interim draft, as 

further revisions are needed in Florida to make it consistent with 

more recent state ecoregion projects in adjacent areas and other parts 

of the U.S. The ecoregions  are designed to serve as a spatial 

framework for environmental resource management: the most 

immediate needs are for developing regional biological criteria and 

water quality standards, and for setting management goals for 

nonpoint-source pollution. Explanation of the methods used to define 

the ecoregions is given in Omernik, (1995), Gallant et al., (1989), 

and Griffith et al., (1994).
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Level III ecoregion

Level IV ecoregion

State boundary

County boundary

65  Southeastern Plains

65f Southern Pine Plains and Hills

65g Dougherty Plain

65h Tifton Upland

65o Tallahasee Hills/Valdosta Limesink

65p Southeastern Floodplains and Low Terraces

75  Southern Coastal Plain

75a   Gulf Coast Flatwoods

75b   Southwestern Florida Flatwoods

75c   Central Florida Ridges and Uplands

75d   Eastern Florida Flatwoods

75e   Okefenokee Plains

75f    Sea Island Flatwoods

75g Okefenokee Swamps

75i Floodplains and Low Terraces

75j    Sea Islands/Coastal Marsh

75k   Gulf Barrier Islands and Coastal Marshes

75l    Big Bend Coastal Marsh 

76  Southern Florida Coastal Plain

76a   Everglades

76b   Big Cypress

76c   Miami Ridge/Atlantic Coastal Strip

76d Southern Coast and Islands

Level III and IV Ecoregions of Florida

1
U.S Environmental Protection Agency

  Corvallis, Oregon 97333

2
Mantech Environmental Technology, Inc.

  Corvallis, Oregon 97333

Glenn E. Griffith1, James M. Omernik1, and Suzanne M. Pierson2

jc/jo  //disk/uber2/data/jobs/j377.jim.fl/zaml/fl_eco.aml  //sanco panza/ecoregions/jobs/j377.jim.fl/fl_eco_v4.ai  4/29/2

Tallahassee

Gainesville

Jacksonville

Key West

Miami

Lake

Okeechobee

Orlando

Tampa

Southeastern Plain

Southern Coastal Plain

Southern Florida Coastal Plain

~4,100 vascular plant species 

Present and Future
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• Location information from herbarium labels

• Environmental data:  

• Temperature, precipitation, soil, etc.

• Software to model the range of each species

• For Florida plants:

• ~1500 plant species 

(of 4100 species)
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• Estimate current distribution

• Predict future distributions

• Infer past distributions

• Use as foundation for phylogenetic diversity 

studies

• Niche of polyploid compared to its diploid 

progenitor(s)

• Invasives--projections

Allen, J., Folk, R.A., P.S. Soltis, D.E. Soltis, R.P. Guralnick. 2019. 
Biodiversity synthesis across the green branches of the tree of 
life. Nature Plants 5:11-13.
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Peak in 2020 – 1 C

Continues to rise – 3.7 C

Peak in 2040 – 1.8 C

Peak in 2060 – 2.2 C

Representative Concentration Pathways:  Models for Future Temperatures
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Peak in 2020 – 1 C

Continues to rise – 3.7 C

Peak in 2040 – 1.8 C

Peak in 2060 – 2.2 C

Representative Concentration Pathways:  Models for Future Temperatures
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now

Abildgaardia ovata (flatspike sedge)

Models for 
Present and 
Future!
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now 2050

Abildgaardia ovata (flatspike sedge)

Models for 
Present and 
Future!
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now

now

Prunus geniculata (scrub plum)

2050

Abildgaardia ovata (flatspike sedge)

Models for 
Present and 
Future!
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now

now

Prunus geniculata (scrub plum)

2050

Abildgaardia ovata (flatspike sedge)

2050

Models for 
Present and 
Future!
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• Estimate current distribution

• Predict future distributions

• Infer past distributions

• Use as foundation for phylogenetic diversity 

studies

• Niche of polyploid compared to its diploid 

progenitor(s)

• Invasives--projections

Allen, J., Folk, R.A., P.S. Soltis, D.E. Soltis, R.P. Guralnick. 2019. 
Biodiversity synthesis across the green branches of the tree of 
life. Nature Plants 5:11-13.
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Naranjo et al. 2022. 
J. Biogeography 
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PaleoClim:
paleoclim.org Folk et al. 2018. American Naturalist

Naranjo et al. 2022. J. Biogeography 
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What to 
Protect?
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How much of the Tree of Life is present in a geographic area? 

Oaks

Vs.
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Allen et al. 2019

Florida Plant Phylogeny
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8,045 pixels/communities
16 km2 per pixel

How much of the Tree of Life is present in a geographic area? 
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How much of the Tree of Life is present in a geographic area? 
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How much of the Tree of Life is present in a geographic area? 

Low PD

High PD

Lu et al. 2018. Nature
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• Estimate current distribution

• Predict future distributions

• Infer past distributions

• Use as foundation for phylogenetic diversity 

studies

• Niche of polyploid compared to its diploid 

progenitor(s)

• Invasives--projections

Allen, J., Folk, R.A., P.S. Soltis, D.E. Soltis, R.P. Guralnick. 2019. 
Biodiversity synthesis across the green branches of the tree of 
life. Nature Plants 5:11-13.
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Blaine 
Marchant

Species A
2n

Species B
2n

Species C
4n

Niche Intermediacy

Niche Contraction

Niche Expansion

Niche Novelty

Species A
2n

Species B
2n

Species 
C 4n

Species A
2n

Species B
2n

Species C
4n

Species A
2n

Species B
2n
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4n
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Species A
2n

Species B
2n

Species 
C 4n

Species A
2n

Species B
2n

Species C
4n

Asplenium rhizophyllum

(2n)

Polyploidy

+
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Niche Intermediacy 
Breadth: Parent < Polyploid < Parent
Overlap: Polyploid > 0.3 

Nickrent, D.L. et al. 2006 
onwards. PhytoImages.
http://www.phytoimages.siu.ed
u

Dryopteris celsa
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13 allopolyploids & parents

• Niche intermediacy: 8

• Niche contraction: 2

• Niche expansion: 2

• Niche novelty: 1

• More cases are needed!

Asplenium rhizophyllum

(2n)

Polyploidy

+

Marchant et al. 2016. New Phytologist
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Tolmiea menziesii

Galax urceolata
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• Estimate current distribution

• Predict future distributions

• Infer past distributions

• Use as foundation for phylogenetic diversity 

studies

• Niche of polyploid compared to its diploid 

progenitor(s)

• Invasives--projections

Allen, J., Folk, R.A., P.S. Soltis, D.E. Soltis, R.P. Guralnick. 2019. 
Biodiversity synthesis across the green branches of the tree of 
life. Nature Plants 5:11-13.
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Wang, A., A. Melton et al. 2022. Plant Diversity.

Ailanthus altissima
Casuarina equisetifolia
Centaurea stoebe ssp. micranthos
Dioscorea bulbifera
Lantana camara
Schinus terebinthifolia

Anson 
Wang
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What happens when there is a large dataset?

Should we manually create 40,000 

Species Distribution Models?

We use BiotaPhy tools to automate 

the creation of SDMs!!
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Download for the first time OR update the tutorials repository 

containing test data and configurations.

Initial download:  

git clone https://github.com/biotaphy/tutorials

Update tutorial:

cd tutorials

git pull

https://github.com/biotaphy/tutorials
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Let’s rebuild our Docker images to incorporate any updates.  Move 

to the directory containing the tutorials repository that you 

downloaded or updated.

✓ Remove old docker elements: ./run_tutorial.sh cleanup_all

✓ Rebuild data and image: ./run_tutorial.sh build_all

Windows users will run 
with: run_tutorial.bat
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Let’s put the automated framework developed by BiotaPhy to the test!

How to create Species Distribution Models (SDMs):

3 steps:

✓ Data Preparation

✓ Run Tutorial

✓ Inspect Output

Input: occurrence records

Input: environmental layers

Input: ecoregions file

Input: Script parameter file
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Required 
parameters!
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Optional 
parameters used
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Optional 
parameters used
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Remember, you will RUN this code in 
the terminal (Linux/OSX) or in a 
Command Prompt (Windows)!

Goal: Create Species 
Distribution Models for 

multiple taxa at the same time

./run_tutorial.sh create_sdm data/config/create_sdm.json

./run_tutorial.bat create_sdm data/config/create_sdm.json
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• Species Distribution Models

• Fundamental vs. Realized Niche

• MaxEnt-predict potential geographic distribution (niche)

• Applications

• Current, past, and future distributions

• Phylogenetic Diversity (PD)

• Polyploid nice vs diploids parents

• Invasive

• Data Preparation

• Input occurrence records, species list, ecoregions

• SDMs for multiple taxa at the same time
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Any questions?? 
Please use the chat to write your question!


